Introduction: Real-world data are critical to demonstrate the consistency of evi-
| INTRODUCTION
Breast cancer patients who are both hormone receptor (HR)-negative and HER2-negative account for 15%-20% of all breast cancers diagnosed in the United States (US). 1, 2 Compared to patients with HR-positive or HER2-positive tumors where average survival exceeds 50 months survival for women with metastatic triple-negative breast cancer (mTNBC) is considerably shorter ranging from 11 to 17.8 months. [3] [4] [5] [6] The lower survival for mTNBC patients reflects the limited treatment options available when endocrine or HER-2 targeting therapy is not an option. As a result, sequential chemotherapy remains the mainstay of treatment for patients with mTNBC and has not dramatically altered the prognosis for these patients. [7] [8] [9] Eribulin mesylate (eribulin) is a microtubule inhibitor approved in the US as treatment for women with metastatic breast cancer (mBC) who have received at least two prior chemotherapy regimens including an anthracycline and a taxane in either the metastatic or adjuvant setting. This approval was based on the findings from the EMBRACE trial in which eribulin significantly improved survival by 2.5 months over treatment with physician's choice (TPC) in women with 2 to 5 prior lines of therapy (eribulin arm, median overall survival (OS) = 13.1 months, TPC arm = 10.6 months; P = 0.041). 10 A second phase III study (Study 301) comparing eribulin to capecitabine in women with mBC previously treated with an anthracycline and taxane who had received 0-2 prior lines failed to meet its primary endpoint finding that no statistically significant reduction in the risk of death among all patients (hazard ratio [HR] = 0.88; 95% CI: 0.77-1.00). 11 However, a prespecified subgroup analysis of mTNBC patients showed a statistically significant improvement in survival of 5 months in the eribulin-treated group (eribulin arm median OS = 14.4 months, capecitabine arm = 9.4 months; HR = 0.70; 95% CI: 0.55-0.91). 12 Subsequently, a pooled analysis of all mTNBC patients enrolled in either the EMBRACE and Study 301 found a 26% reduction in the risk of death in the eribulin-treated patients (HR = 0.74; 95% CI: 0.60-0.92, P = 0.006).
13
While eribulin is an established therapeutic option for patients with mBC, the real-world clinical benefit and safety of eribulin therapy for patients with mTNBC when used at different points of the treatment journey have not been reported. This research sought to describe real-world patient characteristics, disease response, toxicity, and OS for mTNBC patients receiving care at community oncology practices in the US and treated with eribulin as their first-or second-line of therapy ("early use") or when used as a third-line or greater ("late use") treatment, respectively.
| METHODS
Patients were identified by providers in the Cardinal Health Oncology Provider Extended Network (OPEN), a community of over 7000 oncologists, hematologists, and urologists from across the US. OPEN is comprised primarily of community practitioners in both single-physician and large group practices and membership is not restricted to select sites or to providers at practices who are members of any specific group purchasing organization. Providers abstracted data for patients they personally managed or treated who met the following criteria: female and biopsy confirmed diagnosis of mBC, initiated treatment with eribulin between 1 January 2011 and 1 January 2014, and triple negative defined as ER <1%, PR <1%, and HER2-negative according to current American Society of Clinical Oncology and College of American Pathologists guidelines. 14 Patients participating in any interventional clinical trials prior to the start of eribulin therapy, those patients receiving treatment for a second primary malignancy while under the care of the responding physician, and those less than 18 years of age at the initiation of eribulin were not eligible. Providers were instructed to randomly select up to 10 patients meeting these criteria and complete an electronic case report forms (eCRFs) for each eligible patient. The number and characteristics of eligible patients treated by the physician who were not selected were not captured during data collection. The eCRF captured the following data: patient demographics, clinical characteristics at diagnosis and eribulin initiation (stage at diagnosis, site of metastases, Eastern Cooperative Oncology Group performance status [ECOG-PS]), drug regimens received up to initiation (including neoadjuvant/adjuvant) of eribulin by line of therapy (LOT) and total LOTs (dates of initiation/discontinuation of each LOT, disease response (per treating physician), adverse events (AEs) during eribulin treatment (only those AEs reported in the eribulin trials), and date of death (or last follow-up). Disease response was per the treating provider's interpretation and not assessed by independent review based on RECIST criteria.
All submitted eCRFs were reviewed by Cardinal Health clinical research staff for quality control. Items such as implausible dates (eg, date of death before last date of treatment), lab or radiology results considered inconsistent with known clinical parameters, or nonstandard treatments were flagged and providers were contacted for data validation. In addition, a random sample of 10% of all submitted eCRFs was validated through provider follow-up. Data which could not be validated were not included in the final study analysis.
K E Y W O R D S
eribulin, metastatic breast cancer, real-world, survival, triple negative Two cohorts were created according to the LOT at first initiation of eribulin: the early use (EU) cohort was defined as receipt of eribulin as first-or second-line therapy for mTNBC. The late use (LU) cohort was defined as the receipt of eribulin in third-line or greater. The target sample size for the study was 250 patients evenly distributed between the EU and LU cohorts and was selected based on the resources available for chart data abstraction (physicians participating in the research were provided an honoraria payment based on the total number of hours spent on data abstraction). Patient demographic and clinical characteristics were compared between the two groups to examine predictors of early or late use. Toxicity rates, disease response, and OS were not compared between the groups as the study was neither designed nor powered to evaluate these differences. Results are presented through descriptive analyses including frequencies, proportions, means and standard deviations for categorical and continuous variables and outcomes, respectively. Complete response (CR) and partial response (PR) were classified as tumor response. Median OS was assessed using the Kaplan-Meier method from the initiation of eribulin until date of death in the EU and LU cohorts, respectively, to approximate survival from randomization reported in the eribulin RCTs (as opposed to from the date of metastatic diagnosis). Patients were censored on the date of last follow-up if a death date was not provided. Patients with missing eribulin start dates were not considered in the analysis of OS. All analyses were conducted using Statistical Analysis Software v9.4 (SAS Institute, Cary, NC).
A central institutional review board (Western IRB, Puyallup, Washington) reviewed the study protocol and case report formed and deemed the study exempt from full review. A waiver of informed consent was obtained for the study. Data collection began on 18 March 2016 and concluded on 1 September 2016.
| RESULTS

| Demographics and clinical characteristics
Fifty-eight providers completed data extraction for a total of 252 mTNBC patients including 125 (49.6%) EU and 127 (50.4%) LU. Demographic characteristics are shown in Table 1 . The median age at diagnosis for all patients was 53 years; while the mean age at initiation of eribulin was older for EU at 57.1 vs LU at 54.4 years (P = 0.046). Overall, 42.1% of patients had stage IV disease at diagnosis and LU were more likely to have an initial diagnosis of distant metastatic disease (51.2% vs 32.8%, P = 0.02). The most frequent sites of metastasis among all patients were: bone (59.9%), lung (50.4%), lymph nodes (44.8%), and liver (43.7%) with LU patients having more frequent bone metastases (76.4% vs 60.8%, P = 0.008). Nearly all patients (95.6%) had an ECOG-PS score of 0/1 at the initiation of eribulin therapy with no significant difference observed between EU and LU (P = 0.641). Table 2 shows total LOTs, length of follow-up, LOT at initiation of eribulin, and patient status at the end of the study period. The median length of follow-up from the initiation of first-line therapy was 24 months. Chemotherapy in the neo/ adjuvant setting was received by 54.0% of all patients including 63.2% of EU and 44.9% of LU. Among patients who received neo/adjuvant treatment, 86.0% had received treatment with both an anthracycline and a taxane. Among 125 EU, 20.8% initiated eribulin as first-line metastatic treatment and the remainder in second-line. For LU, 73.2% initiated eribulin in the third-line, 19.7% in fourth line, and 7.1% in fifth line or greater. At the end of the study period, 192 (84.6%) of all patients were deceased including 72.0% of EU (n = 90) and 80.3% of LU (n = 102). Table 3 reports the duration of eribulin treatment, rationale for treatment discontinuation, provider assessment of disease response, and rate of AEs. Among the 225 (89.3%) patients with a validated eribulin treatment initiation and discontinuation dates, the mean duration of eribulin treatment was 6.0 months (SD = 3.8) among EU and 5.3 months (SD = 4.7) among LU disease response (CR or PR) was 69.9% for EU and 48.8% for LU. Among patients with a duration of eribulin therapy of <6 months (n = 169), response rates were 58.6% for EU and 42.6% for LU. Among patients with duration of eribulin therapy ≥6 months, response rates were 84.0% and 66.7% in the EU and LU groups, respectively. Overall, providers indicated that 90.5% of patients treated with eribulin discontinued therapy due to disease progression, 8.0% due to patient request or financial challenges, and 4.0% due to an AE (rationale not mutually exclusive). During the course of treatment, the most common AEs reported among EU patients were as follows: fatigue (64.8%), neutropenia (36.8%), weakness (36.8%), leukopenia (32.0%), and peripheral neuropathy (25.6%). Among LU, the most frequently diagnosed AEs were: fatigue (65.4%), weakness (43.3%), decreased appetite (40.2%), peripheral neuropathy (37.0%), and alopecia (36.2%).
| Outcomes of eribulin therapy
| Overall survival from initiation of eribulin
Survival analysis was conducted using the 226 patients (89.6%) with complete data for eribulin treatment initiation, last date of follow-up or date of death. Of the 226 patients, 137 deaths (60.6%) were recorded and 89 patients were censored. For the EU cohort, the median OS from the initiation of eribulin was 23.0 months (95% CI: 18.7-27.3); for the LU | MOUGALIAN et AL.
cohort, the median OS from the initiation of eribulin was 14.7 months (95% CI: 12.6-16.9) (Figure 1 ). Median OS from the initiation of eribulin for all patients was 17.6 months (95% CI: 15.3-19.9; data not shown).
| DISCUSSION
Real-world postmarketing authorization studies of novel therapies often reveal heterogeneity in the population of patients receiving a novel agent compared to the randomized clinical trials (RCTs). With the major limitations of RCTs being the highly selected patient population, real-world data is critical to demonstrate the consistency of evidence and external generalizability of RCTs. This retrospective chart review expands upon the findings of the pivotal eribulin RCTs as the first large community-based assessment of outcomes among patients with mTNBC in the US. Overall, our findings are consistent with those RCTs and other observational research. We observed that patients treated in the real-world were more diverse than those in the pivotal eribulin RCTs in terms of ethnic origin, ECOG-PS, sites of metastatic disease, 
T A B L E 1 Demographics and clinical characteristics of patients
and treatments received prior to eribulin; however, these difference did not markedly alter the efficacy of eribulin when compared to estimates of survival from the RCTs. We observed a median OS among all mTNBC patients from initiation of eribulin of 23.0 months among EU (either first line or with one prior line of therapy in the metastatic setting). In comparison, the median OS in the phase III trial of eribulin compared to capecitabine (Study 301) for patients with mTNBC and 0-2 prior lines of therapy (71.4% or eribulin-treated patients with 0-1 prior LOT and 28.5% with ≥2 LOTs) was 14.4 months in the eribulin arm and 9.4 months in the capecitabine arm (P = 0.01). 11 For LU (at least two prior LOT in the metastatic setting) we observed a median OS of 14.7 months, slightly longer from than the 13.1 months observed in the EMBRACE. In comparison the EMBRACE study included HR-positive patients, and, like Study 301, estimated OS from the date of randomization. To our knowledge, only one other observational, real-world retrospective cohort study, conducted in Italy, evaluated survival following eribulin therapy. In this study which included 14 mTNBC patients (out of a sample of 133 eribulin-treated patients), the observed median OS was 14.3 months. 15 Tumor response (CR or PR), as reported by the providers without independent verification was observed in 69.9% of EU 15 Disease response in our observational study was likely overestimated due to several factors. First, independent review of tumor response was not planned or conducted. Next, providers may have classified a slowed rate of tumor growth as a disease response and not relied on objective measurements. Third, providers may have seen a mixed response and continued with therapy indicating that a patient did respond but the response was temporary. Finally, as an observational study, clinical measurement does not occur at set intervals following the initiation of treatment. As such response reporting may be upwardly biased due to information bias (ie, that scan results were not available at the time of the data abstraction and providers subjectively gauged disease response). Across both EU and LU cohorts, the most commonly reported AEs during eribulin treatment included fatigue and weakness, neutropenia, peripheral neuropathy, and alopecia. Comparatively, our data are consistent with other observation research in which fatigue, (37.6%), alopecia (27.8%), gastrointestinal toxicity (18.0%), neurotoxicity (18.0%), and arthralgia (12.7%) were the five most commonly observed toxicities. Peripheral neuropathy rates with eribulin were higher in our study compared to the EMBRACE study and may reflect pre-existing illness rather than incident diagnosis during eribulin treatment. However, neutropenia rates were lower (EU = 36.8% and LU = 25.2%) than reported in RCTs (all grades = 54.2% in 301 Study and 52.0% in EMBRACE). This difference likely reflects limitations of data capture in that only clinically significant events may be recorded in the patient record, as well as the use of supportive care agents such as growth factors to treat low-grade neutropenia.
| Limitations
As a retrospective study using physician-lead data abstraction from patient records this research has several key limitations reflecting potential biases such as information bias due to availability and quality of data contained within the patient charts (including the providers interpretation of disease response) and selection bias. In regard to the former providers estimates of disease, response may be overestimated given providers were not asked to explain the rationale for assigning a disease response level, use the RECIST criteria to calculate response, or to provide baseline and best response tumor measurements for a retrospective, independent calculation of disease response via RECIST criteria. Similarly, AEs related to eribulin therapy and therapy discontinuation were collected; however, grades of AEs were not collected due to the lack of grading that may occur in the course of routine clinical practice. Moreover, AEs that did not reach a level of clinical significance to require intervention or be noted in the chart may not be well documented by physicians.
In regard to selection bias, a control or comparison arm was not evaluated in this study. All patients had to receive eribulin for inclusion in the research dataset. As such, estimates of OS, disease response or AEs in a non-eribulintreated patient were not available to contextualize our findings. Therefore, the degree to which these estimates are confounded by unknown patient or provider-level factors cannot be determined. Additionally, the total number of eligible patients who were not submitted or the frequency of charts discarded with data that could not be validated was not captured limiting our ability to detect any systematic bias in the selected patients. Finally, we acknowledge that there are significant clinical and treatment differences between the EU and LU groups as was described. Therefore, the authors note that comparisons of outcomes between the EU and LU groups, or consideration of the eribulin-treated population overall, in terms of the clinical benefit or safety should not be made. 
| CONCLUSIONS
This is the first large study of eribulin use among realworld mTNBC patients treated in the US. This study found that eribulin is used in a more heterogeneous population than those included in eribulin RCTs in terms of ethnic origin, ECOG-PS, and sites of metastatic disease. Moreover, we found significant heterogeneity in the characteristics of patients treated with eribulin early in the course of treatment vs late. In comparison with other evidence, we did not observe a reduction in clinical benefits of eribulin therapy in terms of OS or changes in the safety or intolerability profile when used either early or late in the course of treatment. Future comparative studies are needed to generate real-world evidence to compare outcomes of mTNBC patients treated with eribulin vs other therapies. Additionally, future research should consider including an independent tumor response assessment. Finally, the impact of therapeutic sequencing prior to and posteribulin therapy should be addressed. There is lack of evidence on efficacy based on treatment sequencing and novel therapies, including eribulin and more recently cytokine-dependent kinase inhibitors, may have a significant impact on clinical benefit when used in an optimal treatment sequence.
